Abstract: Irrigation water salinity effects on colour and health ingredients in the pomegranate peel were studied in two accessions, 'Wonderful' and 'SP-2', grown under a wide range of salinities, 1.2 to 9 dS m -1 . Ripe fruit peels were analysed for phenolics and anthocyanins composition, and antioxidative capacity. Total phenolics concentration and antioxidative capacity were determined by the Folin-Ciocalteau and FRAP assays, respectively. Phenolics and anthocyanins composition was analysed by RP-HPLC. Increased salinity enhanced considerably the overall accumulation of phenolics and anthocyanins, and the antioxidative capacity in both cultivars; the magnitude of the effects was accession dependent. Mono-and di-glucosides of cyanidins, pelargonidins, and delphinidines were detected at proportions that varied with accession and salinity. Increased concentrations of gallotannins, flavonols and ellagic acid derivatives in 'Wonderful', and punicalagins, flavonols and ellagic acid derivatives in 'SP-2' accompanied elevated salinity levels. The results may benefit the pomegranate juice and byproduct valourisation industries, especially in the face of global water quality deterioration.
Introduction
The pomegranate (Punica granatum L.) has gained high economic value in recent years due to the large volume of in vivo and in vitro studies attributing numerous health benefits to the fruit and its products (extensively reviewed in Seeram et al., 2006; Bell and Hawthorne, 2008; de Nigris et al., 2007; Davidson et al., 2009) . Consequently, pomegranate production has expanded to new regions where the available water is of poor quality, including recycled or saline water . The pomegranate has the reputation of being highly adaptive to a wide range of climate, water and soil conditions . It is considered moderately tolerant to salinity (Maas, 1993; Allen et al., 1998; Naeini et al., 2004) ; however, the mode and magnitude of the plant response to salinity are cultivar dependent (Naeini et al., 2006; Okhovatian-Ardakani et al., 2010) . Based on the results of our earlier study on the evapotranspiration, crop coefficient and growth of two young pomegranate varieties under salt stress we have suggested that the term moderately sensitive to salinity more adequately describes the crop (Bhantana and Lazarovitch, 2010) . Recent studies on pomegranate response to deficit irrigation during fruit development revealed adverse effects on fruit size and total yield (Mellisho et al., 2012) .
Pomegranate fruit is consumed fresh or as processed products, mostly juice. The consumer seeks both the distinctive intense red colour and the high health value in the fruit and its products. These quality traits are imparted by phenolic compounds: The health potential is attributed to the exceptionally high antioxidative capacity of the fruit (Gil et al., 2000) rendered by the high content and unique composition of soluble phenolic compounds, especially in the fruit peel (Gil et al., 2000; Murthy et al., 2002; Seeram et al., 2004; Seeram et al., 2005a Seeram et al., , 2005b . Ellagitannins are the predominant phenolic compounds in pomegranate peels, of which punicalagins are the most abundant and potent antioxidants. Other important constituents are present in smaller amounts and include anthocyanins, gallic acid and gallotannins, and flavonols (mostly kaempferol derivatives). The anthocyanins convey the red colour to the fruit (Gil et al., 1995a (Gil et al., , 1995b Hernandez et al., 1999) . Six pigments particularly characteristic to pomegranate are the 3-mono-and 3,5-diglucosides of cyanidin, delphinidin and pelargonidin (Du et al., 1975; Gil et al., 1995a; Noda et al., 2002; Fischer et al., 2011) .
To comply with market demands it is especially important to establish the impact of water quality on the fruit colouration and phenolics content. The accumulation of phenolics in plants, including anthocyanins, is largely modulated by environmental stress conditions, including high global radiation, UV-B radiation, extreme temperatures, drought, salinity and osmotic stress (Chalker-Scott and Fuchigami, 1989; Chalker-Scott, 1999 , 2002 Gould and Lister, 2006; Hatier and Gould, 2009; Steyn, 2009; Borochov-Neori et al., 2009 Di Ferdinando et al., 2012) . The responses vary with the nature of applied stress, crop and plant part. Deficit irrigation affected the internal and external colouration, phenolics accumulation and composition and antioxidative capacity in the pomegranate cv. 'Mollar de Elche' fruit (Mellisho et al., 2012; Laribi et al., 2013; Mena et al., 2013; Peña et al., 2013) . We have reported earlier on the favourable effect that increasing irrigation water salinity had on phenolics accumulation in fruit arils of two pomegranate accessions (Borochov-Neori et al., 2013a) . Adverse effect was, however, recorded for anthocyanins. The magnitude of the latter was accession dependent. No knowledge is presently available on the effects of salinity on the composition of these phytochemicals in the pomegranate fruit peel.
The current study aimed to explore the impact of irrigation water salinity on the colour and health promoting traits in the pomegranate fruit peel. For this, the peel of fresh ripe fruits of two red pomegranate accessions, 'Wonderful' (late ripening) and 'SP-2' (Turkman, early ripening), grown under a wide range of salinities, 1.2-9 dS m -1 , was analysed with respect to phenolics and anthocyanins accumulation and profile, as well as antioxidative capacity.
Materials and methods

Plant material
Plants of 'Wonderful' and 'SP-2' pomegranate accessions were grown in lysimeters situated in Sede Boqer Campus, the Ben-Gurion University of the Negev, Israel (lat. 30°52'N; long. 34°46'E). A detailed description of the pomegranate lysimeters' orchard is given in Bhantana and Lazarovitch (2010) . Salinity treatments began in oneyear old plants. The salinity of the irrigation water was brought to electrical conductivity (EC) of 1.2, 3, 6 and 9 dS m -1 with NaCl and CaCl 2 (in proportional concentrations to have an equivalent contribution to the solution EC) and fertiliser (Poly-Feed water soluble NPK fertiliser 14:7:28 + 1% MgO with micronutrient combination, Haifa Chemicals, Israel). Henceforth the treatments are denoted as EC 1.2, EC 3, EC 6 and EC 9. Five plants of each accession, one per lysimeter and randomly distributed within the lysimeters' orchard, served as five replicates for each salinity level. Plants were irrigated 120 ± 5% of their average back-day measured evapotranspiration. Irrigation frequency varied from one to five times per day from after budburst to peak season.
Ripe fruit were selected by external criteria according to customary grower practices, including external colour, size and shape on three harvest dates during August-September of 2009 and 2010. Ripeness was further established by tasting the fruit arils; only peels of non-astringent edible fruits were further analysed. The outer layer of the skin of 3-5 fruits per treatment (accession/harvest date/salinity) was removed and processed within 24h from harvest.
Phenolics extraction
The separated peel was homogenised in 80% methanol supplemented with 2 mM NaF (1:2, w/v) using pestle and mortar. The homogenate was centrifuged (20,000 × g for 10 min at 4°C) and the supernatant was collected. Triplicates were prepared for the analytical assays.
Total soluble phenolics
Total soluble phenolics concentration was measured colorimetrically with Folin-Ciocalteau 2N phenol reagent (SIGMA Chemical Co, USA) according to Singleton and Rossi (1965) . The extract was diluted 10-fold with double distilled water (DDW). Aliquots of 100 µL were added to 900 µL reaction solution consisting of 200 µL freshly prepared ten-fold diluted Folin-Ciocalteau reagent, 100 µL 20% Na 2 CO 3 and 600 µL DDW. Pyrogallol (SIGMA Chemical Co, USA) was used for the calibration curve (0-100 µg mL -1 ). The absorbance at 765 nm was measured after one-hour incubation by a spectrophotometer (SHIMADZU Corporation, UV-1650PC, Kyoto, Japan), and the content of phenolics in the peel was expressed in pyrogallol equivalents, g kg -1 .
Antioxidative capacity
The colorimetric test originally developed to assess the ferric reducing ability of plasma (FRAP) (Benzie and Straino, 1996) was employed. Fifty µL extract were added to 950 µL freshly prepared FRAP working solution [50 mL 300 mmol/L acetate buffer + 5 mL 10 mmol/L 2, 4, 6-tripyridyl-s-triazine (TPTZ) + 5 mL 20 mmol/L ferric chloride] in a 37°C water bath. Absorbance at 593 nm was measured after 4 min. Vitamin C was used for the calibration curve (0-100 µg mL -1
), and the results were expressed in terms of vitamin C equivalents, g kg -1 .
Phenolics composition
Reversed phase HPLC was employed using a LaChrom Merck Hitachi HPLC system, consisting of pump Model L7100, Column oven L7350 and Mixer-Degasser L-7614, coupled with a diode array detector with 3D feature (Multiwavelength Detector, Jasco MD-2010 Plus), interface (Jasco LC-Net II / ADC) and scientific software (EZChrom Elite TM Client/Server version 3.1.6 build 3.1.6.2433). Extracts were filtered through a 0.45 µm PTFE filter, and 20 µL were injected by a manual injector (Rheodyne, Rohnert Park, CA) and loaded onto a Lichrospher®100 RP-18 (5 µm particle size in 250 × 4 mm LichroCART® cartridge) column with a guard column of the same packing material. Anthocyanins: elution, identification and quantification were carried out as described in details by Borochov-Neori et al. (2011) . Briefly, the anthocyanins were eluted with a gradient consisting of 0.1% phosphoric acid in DDW, pH 2.4 (A), and acetonitrile (B): 10% B for 10 min at 1 ml/min; 10% to 20% B by 15 min, at 1 ml/min; 20% B at 1 ml/min to 0.6 ml/min by 16 min; 20% B for 10 min, at 0.6 ml/min. Peak assignment was performed by the software on the basis of UV/Vis absorbance spectra and the retention times of an anthocyanin standards library constructed with authentic 3-glucoside and 3,5-diglucosides of delphinidin, cyanidin and pelargonidin (Polyphenols Laboratories AS). Calibration curves were constructed with cyanidin 3-glucoside standard at four concentrations (0.01, 0.10, 0.25 and 0.50 mg mL -1 ). Individual anthocyanins were quantified from the corresponding chromatogram peak area, and presented in terms of cyanidin 3-glucoside equivalents, mg kg -1 . Non-pigment phenolics: elution, identification and quantification were carried out as described in details by Borochov-Neori et al. (2013b) . In short, the elution was performed at a flow rate of 1 mL min -1 with a gradient consisting of solutions A and B: 5 to 15% B, 1 to 10 min; 15 to 30% B, 10 to 30 min; 30 to 100% B, 30 to 40 min. Standard library was constructed with a range of authentic standards of hydroxybenzoic and hydroxycinnamic acids, gallic acid derivatives, catechins, punicalagins, tannic and ellagic acids and flavonols. Peak assignment was performed by the software on the basis of UV/Vis absorbance spectra and the retention times. The areas under the peaks corresponding to the individual phenolic compounds were calculated by the software and used as a measure for concentration. Extract runs were performed at several dilutions to assure peak area proportionality to concentration.
All the results are reported as means ± their respective standard deviations (STD) of three replicated measurements (n = 3).
Results
Total phenolics content
The content of soluble phenolics in the fruit peel of both pomegranate accessions increased considerably when the irrigation water salinity was raised above EC 3 (Figure 1 ). At the high salinity levels (EC 6 and EC 9) 'SP-2' accumulated significantly higher level of phenolics compared to 'Wonderful'. Note: Phenolics content is expressed in pyrogallol equivalents.
Antioxidative capacity
The trend of variation in peel's antioxidative capacity (AOC) with irrigation water salinity ( Figure 2 ) was comparable to that observed for the total phenolics concentration. AOC levels were considerably higher at salinities above EC 3. AOC magnitude at the higher salinities was higher in 'SP' compared to 'Wonderful'.
Phenolics composition
Anthocyanins
Raising irrigation water salinity considerably enhanced anthocyanin accumulation in both pomegranate accessions (Figure 3) . In 'Wonderful' the effect was already significant upon raising the salinity from EC 1.2 to EC 3, whereas in 'SP-2' the increase occurred only at salinities above EC 3. 'Wonderful' fruit peel was significantly richer in anthocyanins compared to 'SP-2' up to EC 6. Further increase to EC 9 was accompanied by a decreased pigment accumulation in 'Wonderful' but not in 'SP-2', resulting in comparable pigment concentrations in both accessions at this salinity. Anthocyanin profiles in the peels under different irrigation water salinities are shown in Figure 5 for the two pomegranate accessions. The major types of anthocyanins were cyanidins and pelargonidins in both accessions. The most abundant in 'Wonderful' peel were cyanidins, whereas pelargonidins predominated in 'SP-2'. Prominent variations with increasing salinity were the accumulation of delphinidins in 'Wonderful' peel upon irrigation above EC 1.2, and the significant increase in pelargonidins proportion in 'SP-2' peel at salinities above EC 3. 
Non-pigment phenolics composition
The non-pigment phenolic compounds detected in ample quantities in the peels of both accessions could be assigned to four subgroups: Gallotannins (including monomeric gallic acid derivatives), punicalagins, ellagic acid derivatives, and flavonols. The concentrations of the four phenolics subgroups in the fruit peels of 'Wonderful' and 'SP-2' as a function of irrigation water salinity are presented in Figures 6-9 . Comparable levels of each of the subgroups were measured in the two accessions when irrigation was at EC 1.2 and EC 3. Also, the levels were similar at both salinities. Higher salinities were associated with distinct modifications in the non-pigment phenolics composition. The concentration of gallotannins increased considerably in the peel of 'Wonderful' at EC 6, and further more at EC 9, but did not change in 'SP-2' (Figure 6 ). Punicalagins concentration largely increased in the peel of 'SP-2' upon irrigation at EC 6 and EC 9, but not in 'Wonderful', where the level was maintained throughout the entire salinity range (Figure 7) . The concentrations of ellagic acid derivatives (Figure 8 ) and flavonols (Figure 9 ) in fruit peels of both accessions increased when irrigated at the higher salinity levels (EC 6 and EC 9). Maximal levels were measured with irrigation at EC 6, being significantly higher in 'SP-2' compared to 'Wonderful'. 
Discussions and conclusions
The current report is the first study done on the impact of irrigation water salinity on the composition of phenolic compounds, including anthocyanins, in the pomegranate fruit peel. Our results indicate that salinity markedly affects the accumulation and composition of anthocyanins and non-pigment phenolics, as well as the antioxidative capacity, in the fruit peels, thus influencing the two commercially most important traits of the pomegranate fruit, i.e., the internal red colour intensity (Gil et al., 1995a (Gil et al., , 1995b Hernandez et al., 1999) and the health potential (Gil et al., 2000; Murthy et al., 2002; Seeram et al., 2004; Seeram et al., 2005a Seeram et al., , 2005b .
The level of soluble phenolics accumulation in the fruit peel increased with salinity in both 'Wonderful' and 'SP-2' pomegranate accessions. The results are consistent with numerous reports on the increase in phenolics content in plant organs in response to elevated salinity (Gould and Lister, 2006; Di Ferdinando et al., 2012) , and our earlier findings on pomegranate fruit arils (Borochov-Neori et al., 2013a) . A similar positive correlation with salinity was obtained for AOC, supporting the hypothesis that fruit phenolics are the major contributors to the pomegranate antioxidant activity (Gil et al., 2000; Murthy et al., 2002; Seeram et al., 2004; Seeram et al., 2005a Seeram et al., , 2005b .
The total soluble phenolics concentration and AOC level in the fruit peel of both accessions were comparable at EC 1.2 and EC 3, but considerably higher in 'SP-2' at the higher salinities, EC 6 and EC 9. A function in plant defence against salinity-induced oxidative stress was suggested for phenolics (Gould and Lister, 2006; Di Ferdinando et al., 2012) . In this context, the superior salt tolerance of 'SP-2' compared to 'Wonderful' accession (Bhantana, 2009 ) may relate to the enhanced accumulation of phenolics.
Increased salinity had a positive influence on anthocyanin accumulation in the pomegranate fruit peel, consistent with the proposed function of anthocyanins in plant response to environmental stress conditions (Chalker-Scott, 1999; Hatier and Gould, 2009; Steyn, 2009 ). The magnitude of the effect was accession dependent. The peel of 'Wonderful' fruit was richer in anthocyanins and exhibited a greater salinity response compared to 'SP-2' at salinities up to EC 6. These findings differ from those obtained in the arils (Borochov-Neori et al., 2013a) , where salinity had an adverse effect on anthocyanin accumulation, especially in 'Wonderful'. This discrepancy is consistent with separate pathways of anthocyanin synthesis in the pomegranate fruit peel and arils.
The anthocyanins detected in 'Wonderful' and 'SP-2' fruit peels, i.e., mono-and di-glucosides of cyanidins, pelargonidins and delphinidins, are typical to pomegranates (Du et al., 1975; Gil et al., 1995a; Noda et al., 2002; Fischer et al., 2011) . Salinity affected the peel anthocyanin composition, thereby influencing the external colour hue of the fruit. The nature of the effect was accession dependent. At elevated salinities, 'Wonderful' fruit peel accumulated the purple delphinidins in addition to the major pigment types, cyanidins and pelargonidins, whereas, in 'SP-2' the proportion of the orange-colour pelargonidins increased.
High salinities, EC 6 and EC 9, were associated with significantly elevated concentrations of gallotannins, ellagic acid derivatives and flavonols in 'Wonderful' peels, and punicalagins, ellagic acid derivatives and flavonols in 'SP-2'. The increased content of punicalagins and ellagic acid derivatives is especially interesting since the health benefit of the pomegranate fruit was largely attributed to these two types of phenolics (Seeram et al., 2004 (Seeram et al., , 2005a Bell and Hawthorne, 2008) . Punicalagin is the most potent antioxidant among the pomegranate phenolics (Gil et al., 2000; Fischer et al., 2011 ). In the current study, phenolics content was measured by the Folin-Ciocalteu method, an electron transfer based assay that measures reducing activity (Prior et al., 2005) . Hence, the higher levels of punicalagins in 'SP-2' peels compared to 'Wonderful' may account for the greater magnitudes of both total phenolics concentration and AOC measured in 'SP-2' peels at these salinities.
In summary, our study indicates that increased irrigation water salinity enhanced both the external colour and health promoting traits in the fruit of two diverse red pomegranate accessions. The results are highly relevant to the pomegranate industry in face of the worldwide expansion of the crop production and global water deterioration. Pomegranate orchards are, and will be more so in the future, exposed to higher irrigation water salinities compared to the traditional growing conditions. The positive effects increased salinity has on prominent pomegranate phytochemicals may be incorporated in the current breeding and agricultural efforts to establish pomegranate cultivars and water management practices that will assure both good yield and improved colour and health traits under the anticipated water salination.
